Introduction {#S0001}
============

Ondansetron has been shown to reduce the incidence of spinal anesthesia-induced hypotension and the dose requirement of vasopressor needed to treat or prevent hypotension.[@CIT0001]--[@CIT0005] However, there is some controversy surrounding this function of ondansetron.[@CIT0006]--[@CIT0008] Different research conditions used in different studies may contribute to this controversy, such as the dose of ondansetron that was used and the timing of administration. Studies have already suggested that 4 mg of ondansetron is more effective in this context compared to other doses.[@CIT0003],[@CIT0004] To be effective in reducing the incidence of spinal-induced hypotension, ondansetron may require sufficient time to reach its peak pharmacodynamic effect. Therefore, we hypothesized that an earlier administration of ondansetron might be superior to a late administration before spinal injection in the prevention of spinal anesthesia-induced hypotension. The aim of this study was to determine the effects of different times of ondansetron administration on the dose required of prophylactic phenylephrine. The primary goal of this study was to compare the ED~50~ values of prophylactic phenylephrine at the different times used to administer ondansetron.

Methods {#S0002}
=======

Trial Design {#S0002-S2001}
------------

This is a prospective, randomized, double blinded dose finding study using up-down allocation method.

Enrollment {#S0002-S2002}
----------

After obtaining approval from the Ethics Committee of Jiaxing University Affiliated Women and Children Hospital (no.20200007) and written informed consent from all study subjects, seventy-five patients were enrolled in this study. The inclusion criteria were as follows. Parturients were recruited for participation in this study who were classified as physical status I or II based on the criteria established by the American Society of Anesthesiologists (ASA). The parturients all were singleton pregnancies at term (≥37 weeks' gestation) and scheduled for elective cesarean delivery. Exclusion criteria included contraindications to regional anesthesia, preeclampsia, diabetes, any other coexisting maternal disease, active or early labor, ruptured membranes, and placenta previa. This trial was conducted in accordance with the Declaration of Helsinki.

Randomization {#S0002-S2003}
-------------

All enrolled parturients were randomized to receive a 4 mg prophylactic dose of ondansetron 5 min or 15 min before spinal injection in group A and group B, respectively, or the same volume of saline in group C 15 min before spinal injection. Computer-generated random-number software (Microsoft Excel, Redmond, Washington, USA) was used to randomize the parturients. Ondansetron was delivered by a single anesthesiologist (F. Xiao) who knew the parturients' grouping but was not involved in the patients' blood pressure management. The parturients and the two study anesthesiologists (J. Qian and L. Liu) were blinded to the parturients' grouping. The parturients' demographic characteristics in each of the three groups were recorded.

Study Protocol {#S0002-S2004}
--------------

All parturients received no pre-medications. After arriving in the operating theater, standard monitoring assessments were applied, including non-invasive blood pressure (NIBP), heart rate (HR), peripheral oxygen saturation (SpO2), and electrocardiogram (ECG) and the data were recorded. The study drug or placebo was delivered to each parturient 5 min or 15 min before spinal induction via an 18G needle with peripheral venous access, which was created at the time of admission to the operating theater. The combined spinal-epidural technique was accomplished via the "needle-through-needle" technique at the L~3-4~ interspace with the parturient in a left lateral position. 10 mg of hyperbaric bupivacaine combined with 5µg sufentanil was administered over the course of 10 seconds after ascertaining the free flow of clear cerebrospinal fluid. Then, the parturient was placed in a supine position with approximately 15 degrees of left uterine displacement by means of a wedge, after an epidural catheter was placed 3--4 cm into the epidural space. A volume of 5 mL/kg 37°C lactated Ringer's solution was infused over 20 min at the same time as the intrathecal injection.

While the intrathecal local anesthetic mixture was being injected, the prophylactic phenylephrine infusion was started. For each parturient in the three groups, the infusion dose was determined by an up-down allocation method. Therefore, as described in prior studies,[@CIT0009],[@CIT0010] an initial dose of phenylephrine at either 0.5µg/kg/min (5 mg of diluted into 50 mL) or varying doses of 0.05µg/kg/min was used. For instance, if the current dose was "n" µg/kg/min of phenylephrine, the dose of phenylephrine administered to the next parturient was decided by the response of the current dose. Therefore, if the response was effective, the dose for the next parturient would be "(n - 0.05)" µg/kg/min. If the response was ineffective, the dose for the next parturient would be "(n + 0.05)" µg/kg/min. An effective dose was defined as no hypotension occurred during the study period. Conversely, an ineffective dose was defined as the presence of hypotension during the study period. The study period in this study was defined as beginning at the time of intrathecal injection and ending at neonatal delivery.

Measurements {#S0002-S2005}
------------

According to our prior study,[@CIT0011] the baseline systolic blood pressure (SBP) was defined as the mean value of three continuous measurements at 3-min intervals after the parturients had calmed down in the operating room. The SBP and HR were recorded at 1-min intervals during the period from spinal injection to neonatal delivery and then at 5-min intervals until the surgery was completed. Hypotension was defined as the SBP value that was less than 20% of the baseline SBP and was treated with 50µg of phenylephrine. Hypertension was defined as the SBP value that was greater than 20% of the baseline SBP and was treated by stopping the phenylephrine infusion. The phenylephrine infusion was restarted when the SBP fell to less than the baseline SBP again. Bradycardia was defined as an HR less than 50 bpm and was treated with 0.5 mg of atropine if it was accompanied by hypotension. The infusion was stopped if the bradycardia was not accompanied by hypotension.

The level of the sensory block was gently checked using the loss of pinprick sensation method at 2-min intervals along the medioventral line starting 10 min after the intrathecal injection, then performed at 5-min intervals. The maximum sensory block level was recorded. Surgery did not proceed if the sensory block level was less than T~6~. The surgical times including the time from uterine incision to delivery, time from spinal induction to delivery, and time from administration of ondansetron to spinal induction were recorded. Side effects, including hypotension, episodes of hypotension, hypertension, bradycardia, nausea, vomiting, and shivering, were noted. The outcomes of the newborn, such as 1 and 5 min Apgar scores and the pH value of umbilical artery blood, also were recorded.

Statistical Analysis {#S0002-S2006}
--------------------

The Kolmogorov--Smirnov test was applied to determine whether the data distribution was or was not normal. Normally distributed data such as the parturients' demographic characteristics were presented as means ± SD and were analyzed using a one-way analysis of variance. Non-normally distributed data such as the sensory block level and surgical times were presented as medians and ranges and were analyzed using the Kruskal--Wallis test. Categorical data such as kinds of incidence were presented as numbers (percentages) and were analyzed using chi-square tests. The ED~50~ for the phenylephrine infusion was calculated using probit regression. A comparison of the differences among groups used the methodology of overlapping confidence intervals, which used a *P-*value \< 0.05 if the 83% CIs were non-overlapping.[@CIT0012] GraphPad Prism version 5.0 (GraphPad Software Inc., San Diego, CA) and IBM SPSS Statistics for Windows version 17.0 (IBM Corp, Armonk, NY) were used to carry out the data analysis. A *P-*value \< 0.05 was considered as statistically significant (two-sided).

Sample Size Calculations {#S0002-S2007}
------------------------

The sample size was determined for each group of 25 parturients according to a previously published method, which indicated that 20--40 individuals were required to provide a stabilized estimation of the median effective dose using the up-down allocation method.[@CIT0013] Moreover, according to prior studies, the sample size was regarded as sufficient when six pairs of reversals of sequence were obtained when the up-down allocation method was applied to evaluate the ED~50~.[@CIT0009],[@CIT0010],[@CIT0014] After the allocation of 25 parturients, we also obtained six pairs of reversals of sequence. Thus, the sample size was sufficient to calculate the ED~50~ in the current study.

Results {#S0003}
=======

Eighty-two parturients, who underwent cesarean delivery, were enrolled and assessed for eligibility in this clinical trial. Seven individuals declined to participate. Seventy-five parturients completed the study and were included in the statistical analysis. The consort trial flow diagram is shown in [Figure 1](#F0001){ref-type="fig"}. No significant differences existed among the groups with respect to the parturients' demographic characteristics and surgical times during the study period ([Table 1](#T0001){ref-type="table"}).Table 1Characteristics of Patients and Sensory Block Level and Surgical TimeCharacteristicGroup A (n = 25)Group B (n = 25)Group C (n = 25)Age31.2 (1.24)30.5 (0.92)30.2 (0.85)BMI (kg/m^2^)27.8 (0.75)28.5 (0.85)27.5 (0.68)Gestational age (wk)39.0 (0.36)38.8 (0.24)38.5 (0.28)Highest sensory block levelT3 (T2, T4)T3 (T2, T4)T3 (T2, T4)Time from ondansetron delivering to spinal injection (min)7 (5, 10)\*18 (15, 21)16 (14, 20)Time from spinal injection to delivery (min)18 (15, 22)19 (15, 23)18 (14, 22)Time from uterine incision to delivery (s)62 (54, 70)65 (45, 72)64 (56, 69)[^1] Figure 1CONSORT diagram.

The results of the up-down allocations of intravenous phenylephrine infusion to prevent spinal-induced hypotension for the three groups are shown in [Figure 2](#F0002){ref-type="fig"}. The ED~50~ for prophylactic phenylephrine was 0.33 (95% CI 0.20 to 0.38) µg/kg/min and 0.36 (95% CI 0.32 to 0.38) µg/kg/min in groups A and B, respectively, and 0.41 (95% CI 0.37 to 0.44) µg/kg/min in group C for parturients undergoing cesarean delivery with combined spinal-epidural anesthesia. The ED~50~ was significantly lower in groups A and B compared to group C (*P*\< 0.05), but similar between the two groups. The dose--response curves for the intravenous phenylephrine infusion and the probability of avoiding spinal-induced hypotension, which was determined based on probit analysis, are shown in [Figure 3](#F0003){ref-type="fig"}.Figure 2Individual response to intravenous dose of prophylactic phenylephrine. "●" represents effective and "○" represents ineffective.Figure 3Dose-response curve of prophylactic phenylephrine and effective response. The ED~50~ of intravenous phenylephrine were 0.33 (95% CI 0.20 to 0.38) µg/kg/min and 0.36 (95% CI 0.32 to 0.38) µg/kg/min by prophylactic administration of 4 mg of intravenous ondansetron before 5 min and 15 min before intrathecal injection, and 0.41 (95% CI 0.37 to 0.44) µg/kg/min in control group for patients undergoing cesarean delivery with combined spinal-epidural anesthesia.

The maximum sensory block level was similar among all three groups, A, B, and C \[T~3~ (T~2~\~T~4~) vs T~3~ (T~2~\~T~4~) vs T~3~ (T~2~\~T~4~), respectively, *P* = 1.0\]. Hypotensive episodes were less frequent in parturients in groups A and B compared to group C \[2 (1\~3) vs 2 (1\~3) vs 4 (2\~6), respectively, *P* \< 0.05\]. The incidence of side effects and data from the newborn outcomes (1 and 5 min Apgar scores and the pH value of umbilical artery blood) were similar among the three groups ([Table 2](#T0002){ref-type="table"}).Table 2Incidence of Side Effects and Neonatal OutcomesGroup AGroup BGroup C*P* valueHypotension10 (40%)11 (44%)11 (44%)0.945Hypertension1 (4%)0 (0%)0 (0%)0.329Bradycardia4 (16%)5 (20%)4 (16%)0.913Nausea3 (12%)4 (16%)3 (12%)0.894Vomiting1 (4%)1 (4%)2 (8%)0.779Shivering2 (8%)2 (8%)3 (12%)0.859Apgar score 1 min9 (9, 9)9 (7, 9)9 (9, 9)0.745 5 min9 (9, 9)9 (9, 9)9 (9, 9)1.0Umbilical arterial pH7.27 (0.08)7.27 (0.08)7.28 (0.07)0.325[^2]

Discussion {#S0004}
==========

In this study, we found that the ED~50~ values of prophylactic phenylephrine were 0.33 (95% CI 0.20 to 0.38) µg/kg/min and 0.36 (95% CI 0.32 to 0.38) µg/kg/min with the administration of 4 mg of intravenous ondansetron 5 min or 15 min before intrathecal injection, respectively. The ED~50~ value of prophylactic phenylephrine was 0.41 (95% CI 0.37 to 0.44) µg/kg/min in the control group, which included parturients undergoing cesarean delivery with combined spinal-epidural anesthesia. Our results indicate there was no benefit to earlier administration of ondansetron in reducing the dose requirement of prophylactic phenylephrine in cesarean delivery. However, prophylactic administration of 4 mg of ondansetron could result in a lower dose of phenylephrine infusion needed to prevent spinal-induced hypotension. This finding may be useful for clinical practice because lowering the infusion dose of phenylephrine could overcome the adverse effects of phenylephrine infusion (decreasing in heart rate and cardiac output), especially when a large dose is administered.[@CIT0015],[@CIT0016]

Results reported by some prior studies were similar to the observations reported in this study. El Khouly et al[@CIT0001] and Sahoo et al[@CIT0002] administered 4 mg of ondansetron as a preventive strategy to overcome spinal-induced hypotension in cesarean delivery. These two studies reported that the ondansetron administration could significantly improve the stability of the hemodynamics in the parturient and reduce the need for an intravenous vasopressor. Wang et al[@CIT0003] reported a dose-dependent study that used prophylactic ondansetron in this setting, and found that 4 mg of ondansetron was an effective and optimal dose for preventing maternal hypotension and decreased the amount of vasopressor that was needed during cesarean delivery. Moreover, two recently published meta-analyses conducted by Gao et al[@CIT0004] and Heesen et al[@CIT0005] reached a similar conclusion in that ondansetron as a 5-HT3 antagonist was an effective agent in reducing the incidence of spinal-induced hypotension and requirements for intravenous vasopressor in cesarean delivery. Our results further proved that prophylactic ondansetron could result in a reduced need for a prophylactic vasopressor.

The mechanism by which ondansetron prevents spinal-induced hypotension remains unknown. However, it is possible to inhibit the Bezold--Jarisch reflex (BJR) by blocking serotonin binding to 5-HT3 receptors in the left ventricle, and this could be the mechanism in this context.[@CIT0001]--[@CIT0005],[@CIT0017],[@CIT0018]

Not all studies showed that ondansetron could reduce spinal-induced hypotension and administration of vasopressor. Terkawi[@CIT0006] and his colleagues found that the administration of ondansetron neither stabilized the variations observed in hemodynamics nor reduced the needed levels of vasopressor that were administered. Similarly, Ortiz et al[@CIT0007] compared 2, 4, and 8 mg of ondansetron with a placebo and found that ondansetron had no pharmacological effect on reducing the incidence of spinal-induced hypotension or the amounts of vasopressor used in cesarean delivery. Oofuvong et al[@CIT0008] tried to find the minimal effective dose of ondansetron that would prevent spinal-induced hypotension, but failed to observe this effect. It is difficult to explain the inconsistencies observed in these previously published reports. However, in this study, we concluded that different times for the administration of ondansetron did not contribute to the observed inconsistency. Our observation provides necessary information for future studies.

It should be noted that the ED50 for prophylactic phenylephrine in this study was nearly 0.1µg/kg/min higher than in our prior study, in which we found that the ED50s for prophylactic phenylephrine were 0.32 and 0.24 µg/kg/min for preventing spinal anesthesia-induced hypotension in the control group and experimental group, respectively.[@CIT0019] The inconsistency of the ED50s between the two studies may be due to several protocol details, such as different intrathecal injection rates (10s vs over 15s) that subsequently resulted in different degrees of sympathetic blocks and a different incidence of hypotension and its severity. However, the significant differences between the experimental and control groups were similar in our two studies.

Limitations existed in this study. First, although the study had the power to calculate the ED~50~ for prophylactic phenylephrine, this still was a small sample size. Therefore, multicenter studies with larger sample sizes are needed in the future. Second, although we demonstrated that ondansetron could reduce the ED~50~ of prophylactic phenylephrine, the full dose-response of prophylactic phenylephrine (especially the ED~95~, which is more meaningful than ED~50~ in clinical practice) is still unclear. It is possible that the up-down allocation method could be used to deduce the ED~95~ for prophylactic phenylephrine, but it also could lack the ability to calculate the ED~95~ values accurately. Therefore, we did not report the ED~95~ for prophylactic phenylephrine in the current study.

In conclusion, an earlier administration of 4 mg prophylactic ondansetron contributed no effect on lowering the dose of prophylactic phenylephrine compared to a later administration. However, prophylactic ondansetron was able to decrease the dose of prophylactic phenylephrine in parturients undergoing cesarean delivery with combined spinal-epidural anesthesia. This finding may be useful for clinical practice and further studies.
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[^1]: **Notes:** \**P* \< 0.05 compared with group B and Group C; Data presented as mean (SD) or Median (range).
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